Background Eosinophilic colitis (EC) is a gastrointestinal disease of undetermined etiology whose clinical features overlap with those of the inflammatory bowel diseases. To the best of our knowledge, the CT imaging features of EC have not been described in children. Objective To report and analyze the clinical, imaging and histological findings in seven children with EC. Materials and methods Children with EC were identified in a pediatric pathology database, and those with CT imaging within 2 months of diagnosis were included, totaling seven children. Clinical, imaging and pathological features were reviewed and analyzed.
Introduction
Eosinophilic colitis (EC) is in the spectrum of primary eosinophilic gastrointestinal disorders, which also includes eosinophilic esophagitis, eosinophilic gastritis and eosinophilic gastroenteritis. In each of these diseases, there is an infiltration of the gut wall by eosinophils. EC is the least commonly reported of these disorders [1] . Symptoms of EC include bloody diarrhea, abdominal pain and weight loss. Colonoscopy findings include edema, erythema and superficial ulcerations. Diagnosis is based on histological identification of increased eosinophils, which can predominantly affect the submucosa, muscularis propria or serosal layer [2] . Symptoms and signs are related to the layer that is predominantly involved. Patients with disease showing mucosal predominance present with protein-losing enteropathy, anemia, malabsorption and diarrhea [3] . Those with transmural disease present with intestinal obstruction, volvulus [4] , intussusception [5, 6] or perforation [7, 8] . Serosal involvement is generally associated with ascites [9] , which can be eosinophilic [10] . Diagnosis is confounded by the fact that no standard exists for the normal quantity of colonic eosinophils. Peripheral blood eosinophil levels are typically elevated but can often be normal. EC is a diagnosis of exclusion and the differential diagnosis of colonic eosinophilia includes inflammatory bowel disease (IBD), bacterial or parasitic colitis, drug-induced colitis and hypereosinophilic syndrome [11] . Treatment for EC is oral corticosteroids. Although a series of reports present detailed radiological findings of EC in adults, imaging findings in children have not been described [4] [5] [6] [7] [8] [9] [10] 12] . Our objective was to review the clinical, imaging and pathological features in children with EC.
Materials and methods
We obtained institutional review board (IRB) approval prior to performing this retrospective HIPAA-compliant investigation. The requirement for patient informed consent was waived.
The Children's Hospital of Colorado pediatric pathology database from January 2010 to September 2011 was searched for children with a clinical diagnosis of EC. Fifteen children's records were identified and all available imaging was reviewed. Of these children, seven met the inclusion criterion of having abdominal and pelvic imaging within 2 months of biopsy. All relevant fluoroscopic, CT and magnetic resonance enterography (MRE) imaging was retrospectively reviewed by two pediatric radiologists (J.B., L.F.) with 1 and 14 years of experience in pediatric radiology, respectively. Because there are no published standards for normal bowel wall thickness in children, the large and small bowel were deemed thickened if there was appropriate luminal distention and the bowel wall was objectively more prominent than "barely perceptible" [13] . Mesenteric lymph nodes were deemed enlarged if the short-axis diameter exceeded 8 mm [14] . Histological samples were reviewed by two pathologists (K.C., J.M.), with 9 years of pathology experience and 5 years of experience in the examination of tissues, respectively. The clinical information was compiled for all children, and included age and gender, race, clinical symptoms, medications, laboratory data including complete blood count with differential, serum inflammatory markers (erythrocyte sedimentation rate, C-reactive protein), IgE levels, IBD serologies and basic metabolic panel, and fecal studies including culture, Hemoccult and inflammation (calprotectin).
Results

Clinical data
The seven children ranged in age from 15 months to 16 years (10.2 ± 6.3 years, mean ± SD) with a predominance of boys (four boys, 57%). The ethnic distribution was five (71%) Caucasian and two (29%) Hispanic. The most common presenting symptoms were abdominal pain (in six children), bloody diarrhea (in five), peripheral edema (in three) and rectal bleeding (in three). No clinical features highly suggestive of IBD were identified, such as growth failure or extraintestinal manifestations of IBD. At presentation, four children had a white blood cell count greater than 10,000/μl and three children had an absolute peripheral eosinophil count greater than 600/μl. Laboratory findings included anemia (in three children), hypoalbuminemia (in three), thrombocytosis (in three) and elevated systemic inflammatory markers (in three). Six of the seven children had Hemoccultpositive stools and all stool cultures were negative for infection. Two children had increased fecal calprotectin (ordered to assess neutrophilic inflammation). One child had an abnormal IBD serology (ordered to determine whether additional immunosuppression or studies were needed). This child received topical steroids. Serum IgE was normal when measured.
Pathological data
Mucosal pinch biopsies of the terminal ileum and colon obtained at the time of endoscopy revealed eosinophilic gastrointestinal mucosal eosinophilia, lamina propria lymphoplasmacytosis and rare neutrophils. Mucosal eosinophilia is defined as an increase in eosinophilia number and distribution. In the children described here, eosinophils were increased above other inflammatory cells to a value greater than 50-70 eosinophils per high-power field, depending on the location of the biopsy, and involved the lamina propria and in some children also invading the epithelium. Eosinophils showed degranulation and a fibrotic stromal background. Eosinophils were present within the crypt epithelial cells, and crypt abscess was a common finding (Fig. 1) .
Radiological data
Seven children had CT examinations of the abdomen and pelvis, all performed with intravenous and oral contrast agents. Sagittal and coronal mean multiplanar reconstructions of all studies were produced. In two of the seven children, enteric contrast agent had not reached the colon at the time of imaging, limiting evaluation. The colon was abnormal in six of the seven children. No colonic abnormality was evident in one of two children with no colonic intraluminal contrast. Cecal wall thickening was present in five children (71%). Wall thickening ranged from isolated haustral thickening (Fig. 2) to circumferential thickening (Figs. 3 and 4) . In four of the five children with wall thickening, the cecum or ascending colon was the most affected portion. Mucosal hyperenhancement isolated to the cecum and ascending colon without wall thickening was present in one child (14%). One child (14%) had pneumatosis with wall thickening, predominantly involving the rectum (Fig. 5) .
In addition to colonic wall thickening, terminal ileal thickening was present in two children (29%), mild in one . a Sagittal CT image shows moderate cecal wall thickening (black arrow) and mild terminal ileal wall thickening (white arrow). b Coronal CT image shows cecal wall thickening greater than descending colonic wall thickening (black arrow) and a small amount of infrahepatic ascites (white arrow) Fig. 1 Histological examination. H&E-stained sections (a low power, × 200; b high power, × 400) show eosinophilic infiltration of the lamina propria with associated crypt abscess (a arrow) (Fig. 3) and moderate in the other. The degree of thickening in each was less than the degree of colonic wall thickening. Mild segmental jejunal and duodenal wall thickening was present in one child. Ascites was present in three children (43%), a moderate amount in one and a small amount in two. These children did not have clinical signs to suggest alternative hepatic, cardiac or renal etiologies for their ascites. Bilateral pleural effusions were present in one child. Enlarged mesenteric lymph nodes were present in three children (43%). CT findings are summarized in Table 1 .
Two children had three MRE examinations, which were normal (patient 5 had one and patient 7 had two examinations). No colonic contrast agent was used for the MRE examinations. A fluoroscopic upper gastrointestinal examination with small-bowel follow-through was performed in patient 3, and was normal.
Discussion
EC is a relatively uncommon idiopathic cause of colitis in children. It is a diagnosis of exclusion that is made after other causes of colonic eosinophilia, such as infection and IBD, are excluded. IBD is a clinical diagnosis that has characteristic symptoms and classic histopathological features such as granulomas in Crohn disease and chronic colitis with neutrophilic inflammation and crypt branching in ulcerative colitis. Although eosinophils are associated with IBD, the children described here had a predominant eosinophilic inflammation and not the overriding features associated with Crohn disease or ulcerative colitis. Whether the children described here develop either of these diseases will be determined by long-term follow-up. Clinical symptoms and colonoscopy findings in EC are nonspecific. Diagnosis relies on histological sampling that shows dense eosinophilic infiltration of the intestinal mucosa. Presentation of the serosal form of EC can lead to ascites as the presenting feature; in this form, mucosal biopsies can be unrevealing and the diagnosis might rest on analyses of ascites and exclusion of other causes of eosinophilia [15] .
Descriptions of the radiological features of EC are limited to case reports and reviews describing adults. Reports of imaging in EC describe unusual presentations, including a contrast enema demonstrating colocolonic intussusception [6] , ileal wall thickening, mesenteric lymphadenopathy and a radiograph of cecal volvulus complicating EC [4] . Reported CT findings in adults include circumferential colonic wall thickening and ascites [11, 16] , long-segment thickening from the ascending to the descending colon [17] and mucosal fold thickening and the "araneid-limblike" sign in the ascending and transverse colon [12] . In addition, colonic inflammation has been noted as a feature of other eosinophilic gastrointestinal diseases. One series documenting the imaging findings in eosinophilic gastroenteritis included fluoroscopic barium studies in ten patients, which showed mucosal edema or thickening of the smallintestinal wall, partial gastric outlet obstruction and narrowing of the lumen of the terminal ileum [18] .
Our study was limited in that it was a retrospective review, and not all children diagnosed with EC underwent CT evaluation, possibly biasing our findings. Our patient sample size was small. Our MRE protocol is not optimized to evaluate the colon. The MRE protocol includes oral but not rectal contrast agent administration, and no contrast agent was present in the colon on any of the examinations. This, in combination with a susceptibility artifact from air within the colon, significantly limited evaluation of the colon. This might explain why not all the MRE examinations detected pathological changes. If MRE findings are to be considered in future studies, either rectal contrast agent or oral contrast agent with a longer delay to imaging might be necessary.
One child in our series (patient 4) had an unusual pattern with predominant rectal involvement, extensive colonic pneumatosis, moderate volume ascites and moderate pleural effusions. This constellation of findings is suggestive of serosal involvement. This child had eosinophilic infiltration of the mucosa and submucosa, but because only pinch mucosal biopsies were obtained, serosal involvement could not be confirmed.
We found a range of CT colonic and extracolonic findings in our seven patients with EC. However, in five of the seven children, the predominant colonic segment involved was the cecum or ascending colon with less severe or no involvement of the more distal colon. In addition, the small bowel was either normal or involved to a lesser degree than the colon in all of these children. This is in distinction to the typical findings in Crohn disease and ulcerative colitis. In Crohn disease, there is typically segmental involvement of the colon with predominant involvement of the terminal ileum. In ulcerative colitis, there is rectal involvement with variable continuous upstream colonic involvement.
Conclusion
In the clinical context of a child presenting with bloody stools and abdominal pain, if the CT examination reveals predominant right colonic wall thickening with relative sparing of the terminal ileum, EC should be included in the differential diagnosis along with inflammatory and infectious colitis. Further studies are needed to confirm these findings because this is a small case series.
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